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(54) [^^®««:] ttl^fKJtOIiygfflJf Mnilcfl«(OSiS^& 

[IP^^ei M%t\ C:0.05~0.25!!: . Si:0.10 ~2. 

00% . Mn:0.5~2.0?. Mo:0.10 M).60% . V:0.01~0.1 
sol.Al:0.002M).20% . N:0.001 ~0.02% i-t^-f 

X, ^C0mPcm^Ptltcm'^l,ZP'C/sec\:Xtf3^'0 



m^mi] S«%-C. C : 0. 0 5-0. 2 5%, 
S i : 0. 10-2. 0 0%, Mn : 0. 5-2. 0 

%, Mo : 0. 1 0-0. 6 0%, V : 0. 0 1-0. 
1%, sol. A 1 : 0. 0 0 2-0. 2 0%, N : 

0 . 0 0 1-0. 0 2%i^^thm[z. ^^^mxx 

JiLhoaPslE® & tft L , -etfOf* 5 - 3 0 "C/ s e c CO}^ 

m.^x'^tmithm.m^tx'i^M Lxmmz . 

L, -ecOflfiRS-Ac, JjLht'*»oAc3 \yT<7)ZMmi 
tCjDflL, Ar, lil±<^fflSlS*>^>'i^^^iOjjPX^« 

±*>0 100xp2X;/sec feiT^oaiJSTJ^aJ UT , 

5^o«J, 7x7-< h+'^-^-f-f hSr±«ti: L, ft 
^t'7)VT y^^ h 5 I. i t ^^tStfc 

Pcm= [C] + [S i ] /3 0+ [Mn] /2 0 + 

[Cu]/20+ [Ni ] /60+ [Cr] /20^- 
[Mo]/15+[V]/10+5x[B] 

) 

m^m] mt%x\ c -.o. 05-0. 25%. 

S i : 0. 1 0-2. 0 0%, Mn : 0. 5-2. 0 
%, Mo : 0. 1 0-0. 6 0%, V: 0. 0 1-0. 
1%, sol. A 1 : 0. 0 0 2-0. 2 0%, N : 
0. 001-0. 02%Sr-^*L, ^(yizCi) Nb + 
V + Ti*JO. 2%OTt=5rl.«ffl<ONbfcJ:t;fTi<73 
■5*>^-^<i:t; 1«, (ii) Cu, N ifcJ;i;^CrSO^^ 
^<i:i>ia^O. 01-1. 5%, (iii) B: 0. 0 
005-0. 005%, (iV) Ca : 0. 000 

5-0. 0 0 5%<0 ( i ) — (iV) <0^^>^!'-^<fci>l 
S^r-^W-fSffltc, S^B^aSSiaT*^OArC3 &,±.C0 
aKlStcfcV^-CmaffiT**>3 0%tU:iOa!i|aEJES:Sft 
L, -?-<?)f^5-3 Or/s e cO}^a]agT'^«*<^7 
-rsajStlT^rJ^aiLT^StcL, ^c7)||;B^S:Aci 
tU:t'*»OAc3 tITc7)ZfflM«(tjDSit, Ar, tU: 

PfcLfoi:#lC, P°C/s e ctLh^^ol 0 0XP2 'C 

Pcin=[C] + [Si]/30+[Mn]/2 0 + 
[Cu] /2 0+ [N i ] /6 0H- [C r ] /2 0 + 
[Mo]/15^-[V]/10^-5x[B] 
(tzfzL [ ] ti#7c«iO*S%-C'«Lfv:ilUgSr^ 

■r, ) 
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[000 1] 

wj:>£izm\.^htitm.mtxi}^-om^\iZi5\^xmm 

T«0^-^V^4 0-1 5 OmmgJSiOJf^COiiiSfflW^SS 
[0002] 

mifm^tih. ^zx'imfmmm<r)^. m. 

wmmw(%&ti:}icr)mMik Lx-mm^-ommi 
mmm&L, <^fmi.{zx->x'§mzmLx\>^ 

^ff)^^. mt^cnm&m^zmmuzxnXM'M. 
mw±th(^x\ fmmmmL-thtiit^^z. m 
mzm-nmiimm(nmmti^'i!^^t tch. 
[0003]-:^, mm^mmiumtsm^. 
mmzi,mmt<r)W>.nzhh, M-^m<r)^^z\i.. 

[0 0 04] L-h^Lw^i<zm^mmmLtz^^i<z 
(i, mms.mm<,zi:-ox%hixfz^^'^<o%mm^L 

[000 5] iSIBIfigJ^CMLT, !^igra6 2-5 

40 1 8-^i^l§t«4, 7 5 0-4 OO'Cc^Aci OTO 

mmzmtmxx. Wo\.zhh\<^\i-m^i5o-~2 

5 0'C(r>}§ymmzX1snsrt^t tci •? , IStt^rifSrM 
[0006] -^r, Mlgffliitttc7)Sg>5r^f tt<7)-oT' 

$^l■C l^S . !^gB¥3 - 8 7 3 1 8^4f?g(C{i, m^: 

AC3 -2 5 0'C-AC3 -2 0rcoaS«{lIJP»L-?- 

iof^<^-ri.A\ hh\AiLixh(nm&:mkf>zm^?i- 
^mLxmm.-r}imtym^ixx\.^t. tti. m 

^3-87 3 1 7^{i^mX'li., m'SiAci &±izim 
Lf^mz^i^L. Ar3 -2 5 0'"C-Ar3 - 2 0 W 

TM^i^H-Lxm^mrmifimi^tix^^h. 

tC, !f#^¥4 - 3 2 1 ^^A^ffitCti, ^1=^ A C3 - 2 0 
0-Cai:CO?SS(c»L, Ac3 - 2 0 OrULh-C'Stt 
-^^MilSL, Ac3 -200''C-AC3 -20'C<r>im. 

mm.m miLx. Ltcmzm m-tijmm 
mLmmmtztizfj:*). mm^taxif^mmm 

[ 0 0 0 7 1 $ ^.t, ifi^^ignx b-|iM<7)ii*A>^>iSJ 
!kW.W(r)i&mtimiibi^tiXii 0, 60 0°CT'«^f^JE^j 

m:mmmm-i>^^t lt, «pM¥4 -128 



(3) 
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3 15^, !!t^¥4-168 2 18-f-. ^$ffi^4 - 1 6 
82 1 #^¥4-17 682 1-^. ^m4-2 
285 2 1#cO*^$8(C^$il-CV>^J;a=5r, Mo. 

[0008] 

m^mm's^<^mMzm^x . 'Maxxiimmcom 
:fj(7)mAi]-(^smmmx'if>'). ttz^mmizuK^x 

[00 093 -:^, ismmco^xh . ac, oto 

Tlzi: K)^m^t}ii)^miztimmzh 0 , tfz-&mT 

tbi, izmmi}<±^tm\^m d . immti^^m^ 

i,zmizMixm^com>mim-ztimiff-(i>tix\'^ 
i^K ^iii^(7)ifmii^xmm\ mmmhi^m 

iooio]tfz. m-mmm^mt tx. #i8¥4 

- 1 2 8 3 1 5^, - 1 6 8 2 1 8#. 

4-1 682 19^. #gS^4-l 76 82 1^, "im 
¥4-228521 ^cO#^ffitclH*$ ilX\^lj:o 
^, Mo. V, Nb^<7)^^7C5gSr^SnL. m^cO^K 

Ji. Mo<7)J:d^M#Aixtt^i%i6. i^cft^j^-^yl/rv 

[ 0 0 m mmt-(:>m'B^cr,imi,zmix 

tMTig^xmm'p'C^xiimmm^zmLxiSi&ik 
itt^j:im&t^^i<&< . ttzm^zmm-m^ 
mmrM^-ti i}Hmmti:m^ t^j:^mmzh t . 

xiinLi^\ihum:m'^<m^^'Mm-hz t ti^ 

[0012] *|&HTO^*-|.»ffl{c»;^t^§il/i t<7) 
[00 13] 



m^xis.%\^i!faj^ti^^'thwm^-mt^. w& 
m.<mm:mm-h^tm^xhh^ 

gptcfc v ^X safe J: (t h K^S. ^ ^>l/ tcffi 

[0014] 2|s%0H{i;coJ; ^ ^ra^lcS-^'v^T^fiic^ 
ii:^ctc7)t'J>0, f^HZ. mA%X\ C : 0. 0 5- 
0. 2 5%. Si : 0. 10~2. 0 0%. Mn : 0. 
5-2. 0%. Mo : 0. 1 0~0. 6 0%. V : 0. 
0 1-0. 1%, so 1 . A 1 : 0. 002 — 0. 20 
%, N:0. 01-0. 0 2%^-g-^'tl.^iC. SJSfa 

mmi)^-oAr^ &.±<7)mMizm^x^m&Tmifi 

3 0%&±CO»mEMimL. -?-c7)f^5-3 0r/se 

c^}%&m&x^m*^mi-r^is>&artx'^mLxm 

cr)Pcm(7)miPbi.rzt^l>Z^ P°C/se cJiLh*^-:) 
100XP2 iC/secOToaST'J^aiLT. SrJ'O 

T>"9-^ b«^'5%OT<:0Mc-r^ii:&#Sti:-ri,ffi 

[00 15] |g2(C. mS.%X\ C : 0. 0 5-0. 2 
5%. S i : 0. 1 0 — 2. 0 0%. Mn : 0. 5 — 
2. 0%. Mo : 0. 1 0-0. 6 0%. V : 0. 0 1 
-0. 1%. s o 1 . Al : 0. 0 0 2-0. 2 0%. 
N : 0. 0 1-0. 0 2%$:#^rL, ^^.t ( i ) Nb 
+ V+Ti*>0. 2%JilTt=5:l.liil«ONbfcJ;VTi 
<Od*>ij'-^< tt> la. (ii) Cu. N ifcit/C rcO 
^-=^<tt ISSrO. 0 1-1. 5%. (iii) B : 0. 
0005-0. 005%. fcj:!/ (iV) Ca : 0. 00 
0 5-0. 0 0 5%<7) ( i ) - (iV) <7)o*>iJ'-=5r<i:i 
iS^-^^-rSiit, S^alifflStilTA^OA ra 
■{S^mzii\,^XmETm*<3 0 %tLlic7)jarBlE@5:JS 
L . -eof^ 5 - 3 0 'C/ s e c c7)<^i(13lLSt'^*<l^7 

i-i>ms^j.Ttx'i^mLxmwnzL. ^mmAci 



(4) 
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aht'*^oAc3 aT<^zmmmizi}mi. Ar, iju: 

^IZ^ P'C/s e clil±*>0 1 0 0 X P2 °C/se clil 

i=<7)iS3t*ffi^stt-ri. t COT* I. . 

[0016]Pcm=[C] + [Si]/3 0+tM 
n] /2 0+ [Cu] /2 0+ [N i ] /6 0+ [C 
r]/20+[Mo]/15+[V]/10 + 5x 

[B] 

t. ) 

[00 17] 

om.mizmxi^mb tuzmmizmmt^ . 

(fflfig) *%BBT1i, a«^7c«fc LTC, S i , M 
Mo. V. s o 1 Al . feiWSrirWt, StlM 
^fcUT, ( i ) Nb, Tic^i!'-^<i:t,lS. (ii) 
Cu. N ii3j;yc r(7)^-'5r<i:l, la, (iii) B. 
(iV) Caco ( i ) ~ (iV) *>i!'-^r< 1 1, IS 

[0018] ztit^mymm^AmTizmt 
c : zcr)m<r)mcoms.^^mzi>-o^m}izmu-th 

tzMZliCliO. 0 5%lii6^mX'h?>. L*^L, 0. 2 
5 I. i: fftSm^SfflSiJix^*^'^* L , imm 

^i9tt$ra^:9. iOfcib. C#W4^0. 0 5-0. 

[ 0 0 1 9 ] s i : Si ixmn^tih 
fjK 0. io%mx'ii+^^j:mmMkmhii-f.-' 
if2. oo%mz.xmn^tiibm&'mmff)^'it 

2r*a<. .r<?5;ta6. Si#*ft2:0. 10~2. 0 0% 

[ 0 0 2 0 ] M n : M n(i«ii03SSfc J:t/^ttiOiai± 
iz^m^<7)m:^yiMbLxmm^tLli)K 0. 5%* 

mx-mm^M^^K. tfz2. oximih tmm 

0. 5~2. oyocryimt-fh. 

[ 0 0 2 1 ] Mo : uoimm&mziitm^mz 

thtthiz. WiMmaX'Um^Xti'&comk^ziim 

m^itizi'o^<^itmvii-m3^mi. l*» 

L. -e^-ir«A^O. 1 0%*}«t1iJ:n^>(7)S!;^AJ+ 

ttz. 0. 6o%imx.x^A^zmM$tii>t'm 



3, Z<Dfzib^ Mo-t-flA&O. 10~0. (>0%<nm. 

[ 0 0 2 2 ] V : V\tWm^:m^LX-&m.^^\^ 
ii^'^hti-. 0. 0 l%*?ST'{i^c0^a*vh§<. * 
fzO. l%*@;tSi:S3tti£Tfc-o^^<|,, 
V#%4lrO. 0 1-0. \%(^mmtth, 

[0023] sol. Al: sol.Al \,immt 

Lxmm^ixh-hK 0. oo2%mxu-\-'jfts:mm 
m^khti-f. tfco. 2o%mm(^max'^(7)m:*^ 

iU<^V^, ZCOtzi^. sol. Al-^iS'a^O. 0 0 
2-0. 2 0%coiEBIi:-tl.. 

[ 0 0 2 4 ] N : Nimitmm^Lxm'&^E^i^ 

±§•1^1.*^ 0.001 %*?tT'«'?-<7)$!i«*</jN§ < . 

tfzO. 0 2%§ti;tl.tlS1tfiTto^^?|., 

N-t*-»S:0. 0 0 1-0. 0 2%(Dmmbtlo 
[0025] i;i±tim:^^-!&Xh^i}K WTlC^-fN 
b.Ti.Cu.Ni.Cr.B, tiXX/C a.^mi^ 

^tixmrntizkizx-ox. mjsm&(r>\^±. utt 

[0026]Nb,Ti: N bfeit/^T i (iVt laltt 

^i:LT»§iXl.V(?>^:ir***. Nb+V+Tif 

0. 2 0%imilXo^j:mmi,z^j:lb. m&zii^^X 
m»)X»^&b^j:<0. tfzm^cr,&T^z-^^j:i^l. Z(n 
fzib. NhisXr/THt. Nb+V+Ti35i0. 20% 

[0027]Cu,Ni.Cr: Cu.Ni.CrJi 

mmmt'^m^Mimj&mi.zx 'ommi^^<wj:hi' 
izm^mtmi z b ifix-t i. t,K jtSMt^gSFttc^a 

*>f>. ZM<ry^^mtCn^ mioXlfCrffyytj: 
<bijim^O. 01-1. 5%{cjEHi;-ri.. 
[ 0 0 2 8 ] C a : C a{4:fr4!i«!lOJg.^lrTOt$ 
•ti:, Zfi{zX^7mmm\ti'^y^y^T^£Km±.'t 
h%^i}^hhtiK 0. 0 00 5%*)tt-ii:-?-O^^*>l# 
^>ix-r\ 0. 0 0 5%gSco^.*T'^^«i«SWL, -eii 

V\ C:c7)7^cJ6. Ca-g-^rft^O. 0 00 5-0. 00 5 

%<r>^mb^h. 

[ 0 0 2 9 ] B : B\mt}^mLmzX DSlttS-;^ 
# < Wihi'^zmm.if^mh Zbrn^Hi^. ^<ryk 
0 . 0 0 0 5 %^mx'\i^<n^^t^+'r^^zn^ti 
■f. tfzo. oo5%m^<Dm\iX'ico^Mi,i.miL. 
^ixx 'o^mizm\ft^zbimmmw3^hmL< 

Z(7)fzib. B-t'^r*S:0. 0 00 5-0. 00 5 
[0030] (ffiS^ft) :^miZi3\,^Xli. ±M<^X 

o^^m^^i-hmiznt. sjSa^HSswTA^oArs 
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[ 0 0 3 1 1 cii-e. w^^Bmi;i.TX'3o%a±.m 
LtKTHi, sm^zx^ximuzmimmmith 

tlibX'h^, 

[ 0 0 3 2 ] ^fc. H*Sa?SS{M^^i^t J: oTS^rl. 

s^ttxNhmmiimx'9 0 ovnm. ^bmu 

^■C9 5 0°C^X'J>l., tT'v:, Ar3 tC^Mn-ir^- 
[ 0 0 3 3 ] LT , *^BHt-{i^^E®mt 5-30 

X'hh. 

[0034] {^m^n-) ^%mzii\^x\i. i^ihcoi. 

ZfflSl^Oiaj^ffltJllfit, Ar, VX±jn^SJmi}^ti 

T. -ecOf*, m<r>Pcmcr)m^PtLtzh^\,Z. P'C/ 
sec J.Xh*^o 100XP2 °C/sec laTOMSX'/^ 

ft^^v;Pf->-9-^ hA^'5%JilTiOffl^{c-ri.« 
[00 3 5] :5ri3, v:it'Pcm= [C] + [Si ]/ 
3 0+ [Mn] /2 0+ [Cu] /2 0+ [Ni ] /6 
0+[Cr]/2 0+[Mo]/15+[V]/10 + 
5 X [ B ] {fzfzLl ] ii#7C*«*a%T« L/C 

[0036] Z:iX'mWLiAc , tU:t'*-oA Cg OT 

c75Zffiffi«{COa;KigH(cSDfitT, Ari m±«OSS« 

■tifzibt, zJism'mjnzi<omikit^m^-ti 

fzibX'hl, 

10 0 37] ifz. ^(r>tkP°c/s e c m±*»o 1 0 0 
X P 2 x:/ s e c \XT<nim.X'^mth Ztb Ifzco 

htf^hx'hh. }^n^j^i}^p°c/ s e c^i^x'<,mm<r) 

m±i\:im%mi^t*j:*) . lOOxpz -C/secJ; 

<. 

[00 38] SA>1=. «gl5J:0J!lDI^IBi&L, M'l'* 

mzxuL^m'r-thz.btLtz<ni,i. jni+cosj^fi 



I.. 

[0039] (Si?na^) *;?Dfflj||&, 7x7'f b 

ttz>^x-hh. y)\^K-fi-i hmmxummmtb^j: 

■9-^ h s- 5 %WT#*-r.i> 7 X 7 ^ h i-^mm 
izmmthc mzmmtit<7)fzMzii^ s^v/ury 

[0040] ^fe, 1=«^(0^{±. rPX^yF^cT) 

viTMiSfc J; r/mmzisiif S it 5$S , ^ iXtcSiS-C- 
[0041 ] m^^-atbLXC. Si. Mn. Mo, 

V, sol. A 1 , mx/m^^i,. tfz\t. $ f>t 

( i ) Nb. TiO^-^<i:t la. (ii)Cu.Ni 
j3j:t/CrO^-^:<ti, 1«, (iii) B, aXXfCi'^) 
CacT) ( i ) (iv) C7)a*,ii'^^< ti, ia^3HR€:5J- 

ttT-i?iirt, :.ixi^m^<rf^^miizm'^L. ^(>iz 

Mmx'commco^m X mm^ mmt ^ t j: o 

^^^^[it' J; -oX^Wcrtmtt^^ t6Zbl,zi:<0. 

'mx-m^mw^ t . mmx-si^iji^'itti-^ 1 6 

tiK *%B3X1i. ««^<09^MofcJ:i/vj,|,v^«i 

asc7)^?p^ffi'jN-fttJ:o, wfijmzmim'^co^ 

< , *^o©3SS^^figt IZb i)<X'^ h , 
[0 04 2] */c. fli«S:Aci m±T*»OAc3 

<7)Zffl^«c7)fflSiEHlCjpfiLT, Ar, ti±<7)?SS« 

b. ii)^xj^zjmx'(nimAzi.y)m.m^imL-th'{^ 

S/c. -?-<50t*P"C/s e cliLh*^ol OOx 
P2 ♦C/s e c tlTOSST-?^ffl LT . 5 ^ ^Wm: . 

h*i5%OTtL/cfflJitfflffll-ri.^J:{i, ffl^coSiiffl 
[0043] 

[»fiM] imm^mitimm.z-?\^xw^ 
(mmmi ) mizm-timffimi:. 1 1 5 o-cicaiB?ft 



(6) 
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ixmmm. 9 0 0~8 0 0'Cc7)?SSl^TMaET* 
^0 . 5°C/s e c<?)^Sr?#fflL/i. Zcr>b ^comS 



[0044] Z(r)Xoi,zbx^mifzmi,zi5\,^x. M 

xm.*mi^&<m:ffi^x'<Dmmm.M(0'!i^m^±^ 
\.^mMxmx'commtm'S. mmfp^eoo'cx-ff) 
f^imm (Ys) . i5Xx/mmmx'cr>m-?)i^Ty^ 

[0045] 

[«i] 



































































C 


S i 


Mn 


C u 


N 1 


C r 


Mo 


Nb 


V 


T i 


B 


SgUAI 


T. y. 


Ca 


Nt+V+Tl 


AO 1 


an 


0.30 


1.01 








0. 03 




0.049 


0.007 




0.025 


O.O06 




0.056 


A02 


an 


0.36 


1.15 


0. 04 




a 09 


0.11 


0. 09 


0.051 


0.O05 


0. 0007 


0.021 


0. QGS 


Q.0007 


0. 146 


A03 


ail 


0.98 


Q.99 


a 03 






0.34 


0.11 


0.053 


0.004 




0.O25 


O.006 




0.167 


AO 4 


0. 11 


0.27 


1.03 


a 01 


0.02 




0.43 




0.058 


0.00S 




0.019 


0. 007 


0.0011 


0.063 


AO 5 


0. 12 


0.31 


1.01 






a 06 


0. 51 




0.055 


O.OOJ 




0.022 


0. 004 




0.C63 


AO 6 


0. 12 


0.29 


1.04 








0. 53 


0.03 


0.055 


o.ooe 




0.023 


0. 004 




0.093 


A07 


0. IS 


0.35 


0. 98 


a 01 


0.02 


a 50 


0. 56 


0.07 


0.051 




0. OO08 


0.028 


0. 006 




0.125 


AOS 


a. 12 


0.32 


1,00 




0.04 


0. 20 


0.57 




0.052 


0. DOE 


aooDS 


0. 031 


0. 004 


0.0009 


0.061 


AO 9 


0. 06 


0. 29 


1.11 






Q. so 


0. 58 


a 08 


0.053 


0.011 




0.O19 


0. 007 




0. 144 


Al 0 


0. 10 


0. 33 


0. 98 








0.72 




0.048 


O.QDE 




0.O25 


0. 005 




0.057 


All 


Q.09 


a 31 


1.12 








0.13 




0.003 


0. 00^ 




0.027 


0.004 




0.011 


Al 2 


0.11 


0.28 


1.04 


0. 05 






0.48 


0.05 


0.055 


0.007 


a 0006 


0.026 


O.003 




0.112 


Al 3 


0.10 


0. 27 


1.D3 


a 02 






0.51 




0.D5B 


o.ooe 




0.024 


0. O05 


0.0011 


0. 064 


Al 4 


0.11 


0. 32 


1.01 








0.49 


0.06 


0.091 


0.012 




0.024 


0. 007 




0.1B3 


Al 5 


0.U 


0.29 


0.9S 








0.52 




0.201 


0.009 




0.021 


Q.005 




0.210 



[004 6] 



[«2] 
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V R 
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TS 
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V H 


Yb 

60Dt 


Pen 


100 xPcn^ 








(IPe) (X) 


CJ) 




CJ) 


ClPa) 
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